SUMMARY
INTRODUCTION
Tuberculosis (TB) remains a major global health problem along with 8.6 million people estimated to develop TB and 1.3 million to die from the disease in 2012 (1). In accordance with the targets to control TB set by The World Health Organization (WHO) STOP TB Partnership, including reduction of prevalence and deaths by 50% by 2015, relative to 1990 levels; and elimination TB as a public health problem by 2050, healthcare systems will need to identify more cases of TB at an earlier stage of the illness (2,3).
Detected proportion of incident global TB cases, has been indicated to be below the WHO target of 70%, while to improve the case detection rate by active and systematic screening all household contacts of pulmonary TB patients, considered to be at increased risk for TB infection, has been proposed (4) (5) (6) . Hence, given the higher risk of exposure to the causative organism in contacts of patients with TB than in general population, active case finding has been considered to be valuable strategy, while the infectiousness of the TB patient, the duration and proximity of the contact and susceptibility of the contact have been associated with the risk of a contact becoming infected (7) (8) (9) (10) (11) , or the onset of disease that may occur early, within 6 weeks, or many years later (7) (8) (9) (10) (11) (12) .
Accordingly, contact investigation, one of the most widely discussed public health strategies for reducing TB and the risk of transmission, has been recommended by WHO in two high-risk populations including children aged < 5 years and people living with, or at high risk of, HIV infection, while recently issued International Standard for Tuberculosis Care states that contact investigation warrants more effort to ensure that close contacts of infectious TB patients are evaluated and managed (4, 5, (13) (14) (15) (16) (17) .
Prophylactic therapy aims to prevent the development of infection in a contact of tuberculosis patient, which has not yet been investigated in randomized trials, or the development of disease in a tuberculosis infected person, as demonstrated in large scale double-blind randomized placebo-controlled studies (18, 19) . Enabling prevention of the development of disease among patients with latent infection and thus new bacillus source, prophylactic therapy has also been considered important in the epidemiological control of tuberculosis (18,19).
The presents study was designed to evaluate tuberculosis screening and efficacy of prophylaxis in contacts of patients with pulmonary tuberculosis, retrospectively based on data from dispensaries in Istanbul between 2005 and 2009. (Table 1) . Contacts diagnosed within the first 6 months of index case (n= 81) were excluded from the study given the existence of variability in the timing of the first control of contacts during the first 6 months (n= 76) and the diagnosis of the disease during the prophylaxis (n= 5).
METARIALS and METHODS

Study Population and Methods
The study was conducted in full accordance with the ethical principles stated in the "Declaration of Helsinki" and the permission was obtained from institutional review board of Istanbul University for the use of patient data for publication purposes.
Study parameters
Data on demographics (age, age groups), smear positivity, PPD positivity, rate and onset of secondary tuberculosis and prophylaxis were recorded in contacts.
Contacts
Household contacts (98%) and individuals having close contact with a patient at the working place or school environment were considered to be contacts of a patient with pulmonary tuberculosis. Contacts of index cases having microfilm investigation for at least once and/or PPD test were considered to be screened. Diagnosis of infection among contacts was based on the presence of PPD ≥ 15 mm in individuals with BCG scar, while PPD ≥ 10 mm in individuals without BCG scar (18).
Prophylaxis
Prophylaxis was applied to ≤ 15 year-old contacts of smear positive pulmonary tuberculosis cases in three dispensaries and to PPD positive contacts of smear negative pulmonary tuberculosis cases in one dispensary, whereas prophylaxis applied to contacts of MDR tuberculosis cases were not included in the analysis.
Diagnosis of infection in a contact was based on presence of smear positivity and/or culture positivity or presence of a clinical radiological response to treatment in case of smear negativity and/or culture negativity.
Definitions
Index case was defined as the initially identified case of new or recurrent TB in a person of any age in a specific household or other comparable setting in which others may have been exposed. Any person who has been exposed to an index case was considered to be a contact of patient. Household contact was defined as the person who shared the same enclosed living space for one or more nights or for frequent or extended periods during the day with the index case during the 3 months before commencement of the current treatment episode (5). Close contact was defined as a person who is not in the household but shared an enclosed space, such as a social gathering place, workplace or facility, for extended periods during the day with the index case during the 3 months before commencement of the current treatment episode.
Contact investigation was considered to be a systematic process intended to identify previously undiagnosed cases of TB among the contacts of an index case consisting of two components including identification and prioritization, and clinical evaluation. In some settings, the goal also included testing for latent TB infection (LTBI) to identify possible candidates for preventive treatment (5).
Statistical Analysis
Descriptive statistics (count, percentage, min-max) were used to summarize results. (Table 2) .
Disease Onset and Prophylaxis in Smear Positive Contacts
In contacts aged 0-15 years, secondary tuberculosis after 6 months of index case was identified in overall 9.2% of cases, in 0.7% (6/912) of cases who received prophylaxis and in 2.0% (9/455) of cases without prophylaxis. Total, with and without prophylaxis rates for secondary tuberculosis were 32.9% and 0.9% (3/339) and 2.8% (51/1826) in contacts aged 16-35 years, while 8.5%, 0%(0/215) and 0.9% (14/1507) in contacts aged ≥ 36 years, respectively (Table 3) .
DISCUSSION
Our findings revealed the diagnosis of secondary tuberculosis in overall 2.5% of contacts within a mean 2.9 (1-5) years of follow-up. Higher rate for secondary tuberculosis was noted in smear positive (3.1%) than in smear negative (1.0%) contacts along with the efficacy of prophylaxis both in childhood and adult age groups, particularly in contacts aged 16-35 years.
Systematic reviews of published studies showed that a pooled average of 3.5-5.5% (the equivalent of a prevalence of 3500-5500 per 100.000 population) of household members or other close contact with a person who has infectious TB are themselves have previously undiagnosed, active TB, although there is considerable heterogeneity in these results (20, 21) .
Contact investigation has been suggested to result in earlier identification of cases, possibly decreasing disease severity and reducing transmission of Mycobacterium tuberculosis, whereas being performed in only a few countries with high to medium incidences of TB, despite this potential benefit (5). Given that incidence of new cases is highest in the first year and remains above background incidence for at least 5 years after exposure to a patient with TB, diagnosis of secondary tuberculosis in overall 2.5% of contacts (99.8% were household contacts) within a mean 2.9 (1-5) years of follow-up in our study seems consistent with the primary goal of contact investigation, that is to identify disease and infection among high-risk individuals near the time of exposure, while also highlights the potential importance of serial screening for TB in contacts in concentric circles starting with household contacts and progressing through other close contacts to more remote contacts (21, 22) .
High rate for secondary tuberculosis among contacts with smear positivity in our study population is in agreement with the consideration of pulmonary tuberculosis with ARB positive sputum microscopy as the most infective cases, while lower infectivity of smear negative cases (23) .
It has been recommended that contact investigation be conducted for house-hold and close contacts when the index case has any of the characteristics including having sputum smear-positive pulmonary tuberculosis, MDR-TB or XDR-TB (proven or suspected), being a PLHIV or a child < 5 years of age (5).
Considering smear positive contacts aged 0-15 years, 16-35 years and ≥ 36 years in our study, 2.3%, 4.3 and 2.1% had secondary tuberculosis with onset of disease after 6 months in 9.2%, 32.9% and 8.5% cases and lesser in patients received prophylaxis, respectively.
In this regard, in addition to existing priority given in WHO recommendations for screening children aged < 5 years, our findings also indicate the likelihood of being at risk of infected or developed active disease in the adult population of contacts (24) . Likewise, relatively high risk of active disease and latent infection and thereby likelihood of benefit from additional interventions was also reported among contacts aged 5-14 years in a recent meta-analysis (21).
In a meta-analysis of data from 41 household contact investigation studies in low-middle-income countries up to 2005 revealed that the yield for all tuberculosis (bacteriologically confirmed and clinically diagnosed) was 4.5% (95% CI 4.3-4.8, I (2) = 95.5%) of contacts investigated and 2.3% (95% CI 2.1-2.5, I (2) = 96.6%) for cases with bacteriological confirmation, while latent tuberculosis infection was reported in 51.4% (95% CI 50.6-52.2, I (2) = 99.4%) of contacts investigated (20) .
In a recent systematic review and meta-analysis of 203 published studies reporting the prevalence of TB and latent TB infection, and the annual incidence of TB among contacts of patients with TB, in 95 studies from low-and middle-income settings, the prevalence of active TB in all contacts was 3.1% (95% CI 2.2-4.4%, I (2) = 99.4%), microbiologically proven TB was 1.2% (95% CI 0.9-1.8%, I (2) = 95.9%), and latent TB infection was 51.5% (95% CI 47.1-55.8%, I (2) = 98.9%), while in 108 studies from highincome settings, the prevalence of TB among contacts was 1.4% (95% CI 1.1-1.8%, I (2) = 98.7%), and the prevalence of latent infection was 28.1% (95% CI 24.2-32.4%, I (2) = 99.5%) (21).
Additionally, while those with newly acquired LTBI are considered to be at high risk of progression to disease within 2 years of infection without isoniazid preventive therapy (IPT), especially if they are children under the age of 5, our findings revealed secondary tuberculosis rates after 6 months of index case in cases with and without prophylaxis to be 0.7% (6/912) and 2.0% (9/455) in contacts aged 0-15 years, 0.9% (3/339) and 2.8% (51/1826) in contacts aged 16-35 years and 0% (0/215) and 0.9% (14/1507) in contacts aged ≥ 36 years, respectively indicating that benefit obtained from prophylaxis also in older age groups of contacts, particularly in 16-35 years of age (25) .
Hence, our findings support the statement that contact tracing remains an important tool for TB control given that it allows for the identification of other TB suspects in the household so that they can be evaluated for or be given prophylaxis against active TB (25) .
In a systematic review of 11 randomized controlled clinical trials of isoniazid preventive therapy for 6-12 months, treatment was reported to result in a relative risk for active TB of 0.40 (95% confidence interval, 0.31-0.52) over 2 years or longer (26) . Only two of these studies, however, were from high-burden, lowincome countries, while factors such as feasibility, drug availability and cost have been suggested to be considered before recommending routine treatment for LTBI as a component of contact investigation in such settings (26) .
In a past study on the change in child household contact management of pulmonary tuberculosis cases before and after the implementation of an isoniazid preventive therapy (IPT) in an African setting, after pilot implementation of an IPT register, documented identification of child contacts, IPT initiation and IPT adherence documentation in TB exposed children was reported to be improved (27) . Indeed, adherence to tuberculosis related prophylactic therapy has been reported to be high in Turkey as reported to reach 70% in 2008, while the efficacy of prophylactic therapy in different age groups in the framework of contact investigation requires further investigation (28) .
Although interferon-gamma release assays, now commonly used in high-income areas, are currently too costly for routine use in high-burden settings, they may prove valuable for identifying LTBI in places where coverage with bacillus Calmette-Guérin is high, if or when the price drops (29) . Use of this category of tests should be evaluated under programme conditions in high-burden settings to determine their performance, practicality and feasibility in contact investigations.
Association between contact investigation and the reduction of the incidence of TB in a population, cost-effectivity of contact investigation in terms of the cost per new case identified have been suggested to be addressed in future investigations, while development of standardized protocols for optimal approaches to screening and clinical evaluation of contacts has been emphasized which would enable identification of country-specific barriers to implementation (5) . Although cost-effectivity of screening strategy among the household contacts remains controversial, identification and thereby elimination of all potential transmission sources has been considered to be a prerequisite for eradicating tuberculosis from the population totally (30, 31) .
The main strengths of the present study is its large sample size with inclusion of number of contacts of index cases that is sufficient to reflect the overall population living in Istanbul province as well as inclusion of a follow up period of first three years as associated with the highest risk of developing disease among contacts. However, inability to include all contact cases and exclusion of contacts diagnosed within the first 6 months of index case (n= 81) and lack of data on HIV status, albeit a low prevalence to be a major confounder in Turkey, seems to be the limitations of the present study that should be taken into account in evaluating the results.
Conclusion
In conclusion, our findings indicate high risk of being infected and diseased in smear positive contacts along with efficacy of prophylactic therapy among contacts not only in the childhood but also in adults, particularly in contacts aged 16-35 years. Although our findings provide evidence that contacts are a high-risk group for developing TB, further investigation in randomized studies in relevant populations are needed to determine the cost-effectiveness of various contact tracing strategies and also to develop a standardized tracing strategy via incorporating complementary strategies to enhance contact investigation (21) . 
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